. To explore this link, the long-standing tradition in alcohol epidemiology has been to focus on total overall alcohol consumption (sometimes referred to as volume of drinking). Over the last two decades, however, greater attention has been given to the effects of drinking pattern on negative consequences over and above the effects from total alcohol consumption [1, 3, 4] . Drinking pattern is important because the way alcohol is consumed has differential effects given the same volume (e.g. the differential impact of drinking 1 drink every day for 7 days vs. 7 drinks in 1 day). The most studied aspect of drinking pattern has been risky single-occasion drinking (RSOD, also called 'binge' drinking or heavy episodic drinking). Definitions of RSOD vary among studies [e.g. 5 and 6] , but RSOD tends to be defined as 60 to 70 g of pure ethanol consumed on a single occasion (sometimes less for women). RSOD has been linked with the occurrence of a number of different types of harm to self and others, including increased risk of negative social consequences, injuries, driving under the influence of alcohol, sexually transmitted diseases and coronary heart disease [see 7, 8 for overviews]. Links between RSOD and acute consequences from drinking have been especially evident. For instance, one study [9] of alcohol-related injury found not only that injury increased at higher levels of volume of drinking, but also at a given volume of drinking, those who engaged in RSOD were at
Introduction
There is no doubt that the consumption of alcoholic beverages increases the risk of experiencing negative consequences [1] . Overall alcohol use has been linked to more greater risk of injury than those who did not engage in RSOD. Moreover, those who had overall low consumption, but occasionally engaged in RSOD, were at higher risk of alcohol-related injury compared with chronic heavy drinkers who consumed much more alcohol overall, possibly due to the high tolerance for alcohol among chronic heavy drinkers.
Research has also examined the relationship between the overall drinking pattern of drinkers in a country ('country level drinking pattern') and health risks. Norström [10] reported that the added contribution to total mortality (all causes) from an extra liter of alcohol per capita is much larger in countries where drinking is infrequent but typically takes the form of RSOD, compared to countries where drinking is frequent but typically consumed in moderate amounts. This suggests that, at equal levels of overall volume of consumption, countries with a predominant pattern of infrequent consumption but recurrent RSOD will experience a higher rate of alcoholrelated deaths due to acute outcomes (accident, suicide, homicide) compared to countries with a pattern of frequent consumption but of moderate amounts of alcohol. Similar findings regarding cultural differences were reported by the European Comparative Alcohol Study [11] , using aggregated data from 15 European countries. In this study, people in Southern Europe, where the use of alcohol is integrated into everyday life, reported harm only at higher levels of volume consumption, while those in Northern Europe, where alcohol consumption is infrequent but RSOD is common, reported harm even at low levels, with harm increasing more strongly in Northern than in Southern European countries for each additional liter of alcohol.
Although RSOD is the most studied aspect of drinking pattern, there are aspects of drinking pattern other than RSOD that may modify the risks for consequences. These include drinking location (e.g. in public places vs. routinely with meals) and usual frequency and quantity of consumption. A first attempt to construct a composite measure of drinking pattern using several indicators of drinking pattern was made in the comparative risk analysis (CRA) done as part of the 2000 Global Burden of Disease (GBD) study [1, 12] . In these analyses, a detrimental drinking pattern was defined as more frequently (1) consuming alcohol in higher quantities per occasion, (2) drinking to intoxication, (3) festive drinking and drinking in public places, and (4) less frequent daily drinking and drinking with meals [13] (see table 1 for the rationale of these criteria). The scale was validated by analysis at the aggregate country level, e.g. showing a beneficial effect on coronary heart disease mortality for countries with the most beneficial pattern of drinking and increasingly detrimental effects of drinking for countries with more detrimental drinking patterns [14] , as well as a higher rate of alcohol-related injuries presenting to emergency departments in countries with a more detrimental drinking pattern [7] . CRA provides insight into the potential impact of drinking pattern but is limited in that it defines a detrimental drinking pattern as a country-level variable mostly using data from key informants [15] and did not address the relationship between detrimental drinking pattern and negative consequences from drinking at the level of the individual drinker.
Further research on country-level drinking patterns based on the CRA criteria described in table 1 was done by Gmel et al. [4] using individual survey data (rather Table 1 . Criteria for the drinking pattern scale used for CRA and in analyses by Gmel et al. [4] Link to disease burden Usual quantity per occasion Heavy drinking occasions (RSOD) lead to increases in injuries [34] and have been shown to lead to detrimental cardiovascular outcomes [35] (after adjustment for average volume). Ceteris paribus, the higher the frequency of heavy drinking occasions, the higher the alcohol-related disease burden.
Festive drinking* Frequency of getting drunk (RSOD)
Drinking daily
The fewer occasions in which a given amount of alcohol is consumed, the more detrimental the consequences [36] . Thus, given a fixed average volume of consumption, the higher the proportion of daily drinking, the lower the expected burden.
Drinking with meals
Drinking with meals has been shown to be less detrimental than drinking at other times. [37] . Thus, ceteris paribus, the higher the proportion of alcohol consumed with meals, the lower the alcohol-related disease burden.
Drinking in public places
Drinking in public often requires transportation, and thus has been linked to traffic accidents and injuries [38] . Also, there may be psychological consequences like risky shift. Thus, the higher the proportion of alcohol consumed in public, the higher the alcohol-related disease burden. Again, this holds only when volume and other influencing factors are held constant.
* This criterion was not used by Gmel et al. [4] since the information was not available. than key informant reports) to derive country drinking pattern scores. Results showed that countries rank differently on a drinking pattern scale depending on whether drinking pattern is defined by the drinking habits of men or women, and that key informant ratings from previous CRA reflected mainly men's drinking patterns. These analyses were important in identifying the importance of gender differences, but as with previous CRA, this study did not analyze whether drinking pattern was associated with negative consequences at the level of the individual drinker. The present study addresses a number of issues that emerged from previous research on drinking patterns.
First, the study examines the relationship between drinking pattern and negative consequences of drinking both at the level of the individual drinker and at the country level, i.e. the extent that consequences are influenced by the drinking pattern of the individual drinker as well as the sociocultural context for consumption (e.g. a general pattern of drinking to intoxication in the culture) [16] .
Second, the study uses several criteria (based on CRA) for defining drinking pattern, including not only RSOD, but also usual frequency and amount consumed, drinking in public places, and drinking with meals.
Third, analyses of the relationship between drinking pattern and negative consequences are made separately for men and women because country differences in the relationship between drinking pattern and negative consequences for drinking may differ for men and women.
Fourth, the importance of drinking pattern is likely dependent on the nature of the consequences. Specifically, two types of alcohol-related consequences have been distinguished: (1) those mainly related to the longterm or chronic effects of alcohol use (e.g. liver cirrhosis, dependence symptoms) which would be expected to be strongly related to volume and less affected by drinking pattern, and (2) those related to short-term or acute effects of alcohol use [17] , such as injuries (unintentional and intentional) [18] , for which drinking pattern would be expected to play a more important role [15] .
The aim of the present research is to determine the extent that drinking pattern is associated with the type of negative consequences experienced from drinking (i.e. fights and injuries vs. symptoms of alcohol use disorder) over and above the total alcohol the person usually consumes, whether this association is similar for men and women across different countries, and the relative influence on this association of individual-level and countrylevel drinking patterns.
Methods

Data
These analyses used data from the Gender, Alcohol and Culture: An International Study (GENACIS) project [19, 20] . The study included 45 surveys from more than 35 countries (for more details visit www.genacis.org). Analyses for the present study were limited to 18 countries that provided sufficient data on the 5 aspects used by Gmel et al. [4] to determine the drinking pattern scores ( table 1 ) and alcohol-related consequences. The countries considered for this study were Argentina, Australia, Belize, Costa Rica, Czech Republic, Denmark, Finland, Hungary, Iceland, Isle of Man, Japan, Nicaragua, Nigeria, Peru, Sri Lanka, Sweden, Uganda and Uruguay. Eleven countries provided data of nationally representative surveys, whereas data from Argentina, Australia, Sri Lanka, Nicaragua, Nigeria, Peru and Uganda were based on regional surveys. Although the sampling frame affects the generalizability of findings to that country, it does not affect the current research question addressing individual and cultural level drinking patterns. Surveys were conducted between 2000 and 2007, generally in face-to-face interviews, with other fieldwork methods used in Australia, Denmark and Sweden (telephone survey), Japan (postal), and Iceland and Isle of Man (combination of telephone and postal). Table 2 presents an overview of the surveys and their characteristics.
The total sample size of each country and the rate of current drinkers stratified by gender are shown in table 2 . For the present study, the sample was restricted to current drinkers and age range was restricted to 20-65 years of age for greater comparability across surveys.
Independent Variables
Daily Volume of Drinking. This indicator was based on the annual frequency of drinking occasions multiplied by the usual quantity in grams of pure ethanol divided by 365 days. Volume is reported in the number of drinks per day (1 drink = 10 g of pure ethanol). In 14 countries (Argentina, Belize, Costa Rica, Czech Republic, Denmark, Finland, Hungary, Iceland, Nicaragua, Nigeria, Peru, Sweden, Uganda and Uruguay), this measure was based on beverage-specific questions; however, we used the generic measure to calculate volume in 4 countries either because it was the only measure available (Australia, Japan) or because it resulted in higher volumes than the beverage-specific measure (Isle of Man, Sri Lanka).
Drinking Pattern Score. The drinking pattern score was calculated from frequency of drinking, average quantity per occasion, frequency of RSOD, frequency of drinking with meals and frequency of drinking in public. The score was calculated based on the approach of Gmel et al. [4] in which all indicators were dichotomized between a more detrimental drinking pattern (1) and a less detrimental drinking pattern (0). The indicators used to construct the scale are described below.
Annual Overall Frequency of Drinking (Daily Less Detrimental, Less than Daily Coded as More Detrimental).
Respondents were asked to report their usual frequency of drinking based on reported overall frequency or beverage-specific frequency. The maximum frequency reported for a specific beverage or for drinking overall was used. An individual scored 1 on this measure if the drinking frequency was less than 312 drinking days (equivalent to 6 drinking days per week), and 0 otherwise.
Average Quantity per Occasion. This indicator was obtained by dividing the annual volume by the annual frequency of drinking occasions. When the quantity exceeded 40 g of pure ethanol, individuals were scored 1, and 0 otherwise.
Frequency of RSOD. This indicator was defined by the annual frequency of drinking a particularly high amount of alcohol on a single occasion (e.g. 5 drinks or more). The amount of alcohol consumed on such an occasion was generally 60+ g of pure alcohol ( table 2 ). In 7 countries (Belize, Czech Republic, Denmark, Finland, Iceland, Peru, Sweden), the indicator was derived using a single question. For the remaining countries, the measure was derived from the graduated frequency measure [21] which asks the respondent first to identify the highest amount of alcohol consumed in the past 12 months. This maximum quantity serves as a 'starting point' for questions on graduated amounts of alcohol, starting with the frequency of drinking 12+ amounts, and continuing for each descending quantities (8-11 drinks, 5-7 drinks, 3-4 drinks and 1-2 drinks). The frequency of RSOD used in the present study was constructed by summing the frequency of all drinking quantities beyond 4 glasses. An individual scored 1 on this indicator if the RSOD occurred at least half of the times when drinking alcohol (ratio 1 0.5), and 0 otherwise.
Annual Frequency of Drinking with Meals and Drinking in Public Places. These were coded based on questions regarding the frequency of drinking in different contexts, e.g. 'Thinking back over the past 12 months, about how often did you drink in the following circumstances? -at a meal'. An individual received a score of 1 if drinking with meals occurred in less than 50% of the overall drinking occasions (ratio ! 0.5) and 0 otherwise. The measure of drinking in public places was derived from questions on the frequency of drinking in four locations (at home, at a friend's home, in a bar/pub/disco and in a restaurant). The ratio of the frequency of at-home drinking to the sum of all four frequencies was used as indicator for 'at home drinking'. An individual scored 1 if the ratio was smaller than 0.5 (i.e. more than 50% of all drinking situations took place outside the home), and 0 otherwise.
Dependent Variables
The present study included two groups of alcohol-related consequences: (1) alcohol use disorder symptoms (AUDS) and (2) alcohol-related injuries and fights. AUDS were measured using four items commonly used in screening instruments for alcohol dependence and harmful use, such as the Alcohol Use Disorder Identification Test [22] or CAGE [23] , with a reference period of the last 12 months. These included: (1) 'Have you been unable to remember what happened the night before because you had been drinking?', (2) 'Have you found you were not able to stop drinking once you started?', (3) 'Have you needed a first drink in the morn- ing to get yourself going after a heavy drinking session', and (4) 'Have you had any feelings of guilt or remorse after drinking?'. An individual scored 1 if at least one of these occurred in the last 12 months, and 0 otherwise.
For alcohol-related injuries and fights, the indicator was based on two questions: (1) 'Have you or someone else been injured as a result of your drinking?', and (2) 'Have you gotten into a fight while drinking?'. An individual scored 1 if one or both of these occurred in the last 12 months, and 0 if neither occurred.
Statistical Analysis
To construct the drinking pattern score, a categorical principal component analysis [24] , also called optimal scaling, was used to scale countries according to their drinking patterns using individual survey data separately for each sex. To adjust for the fact that countries with a larger sample size would have a greater effect on the overall drinking pattern score, samples were weighted so that each country contributed to the scale in the same way. The weighted sample size was arbitrarily set to 500 for each gender in each country. To obtain a single aggregated country drinking pattern score by sex ( table 3 ), the individual scale values were averaged, stratified by country and sex.
To estimate the impact of drinking pattern on alcohol-related consequences, regression models using the multilevel software package HLM 6.06 [25] were analyzed. AUDS and alcohol-related injuries and fights served as binary outcomes, with individual drinking pattern scores and the daily volume of alcohol intake (given in number of drinks per day) used as independent variables on the individual level. All regression models were done separately for men and women, and the age of respondents was included as a covariate.
Three multi-level regression models with increasing complexity [26] were estimated. In the first model, the impact of individual volume of alcohol and the individual drinking pattern score on alcohol-related consequences were estimated in a random slope intercept model across the 18 countries (without any country level variables). For the second model, the mean of the drinking pattern scores for the country was included as a second level variable. A third model evaluated the cross-level interaction between the individual volume of alcohol consumption and the country-level drinking pattern score (i.e. the extent that the variation of slopes across countries was explained by the gender-specific country-level drinking pattern score).
Results
The aggregated drinking pattern scores are shown in table 3 . As shown by the final column in the table, rank order from least to most detrimental drinking across countries corresponds quite well with the CRA pattern scores originally calculated as part of the GBD study [1] . For example, Belize and Nicaragua showed the most detrimental drinking patterns for men and women based on both the present analyses and CRA scores, while at the other extreme, Japan, followed by Argentina, Denmark and Uruguay, had the least detrimental pattern scores.
The correlation between the CRA detrimental pattern score and the estimated aggregated scale was r = 0.78 for men and r = 0.57 for women. As shown in the table, although the correlation between rankings for male and female drinking was high (r = 0.86), the pattern of rankings differs to some extent for men and women. For example, male drinkers from Sri Lanka had one of the most detrimental drinking pattern scores (rank 14), while the scores for female drinkers from Sri Lanka ranked among the least detrimental (rank 4).
The results of regression models calculated separately by gender and type of consequence are shown in table 4 . The first set of models (model 1) of the two indicators of alcohol-related consequences revealed that for both genders, the risk for AUDS and alcohol-related injuries/fights increased with increasing individual volume and with higher drinking pattern scores. When the country drinking pattern score was included in the model as an effect on the intercept (model 2), the effect of the individual's Negative pattern scores and lower CRA scores show a less detrimental drinking pattern; positive pattern scores and higher CRA scores show a more detrimental pattern. Rankings are from least to most detrimental drinking pattern.
volume and drinking pattern score remained unchanged. Nevertheless, the country-level mean drinking pattern score significantly increased risk of both AUDS and injuries/fights over and above the effect found for individual level drinking pattern and volume.
A third set of regression models (model 3 in table 4 ) evaluated the impact of the gender-specific country-level mean drinking pattern score on the link between the individual measure of volume per day and alcohol-related consequences. For both types of consequences, an odds ratio under 1 was found (significant only for women); that is, the higher the country-level drinking pattern score, the weaker the association between volume of drinking by the individual and negative consequences from drinking. To better understand the meaning of this effect, a graph of the predicted probability of experiencing AUDS among women by countries with different levels of detrimental drinking pattern can be seen in figure 1 . To calculate this graph, countries were categorized as being low drinking pattern score countries (6 lowest scoring countries), medium drinking pattern score countries (middle 6) and high drinking pattern score countries (highest 6). As shown in figure 1 , the intercept of the high drinking pattern score countries was larger than for the medium and low drinking pattern score countries at low volumes of consumption, while the scores were relatively similar at high volumes of consumption. That is, the slope of the relationship between volume and probability of experiencing AUDS was flatter for high drinking pattern score countries and steeper for countries with lower drinking pattern scores, indicating that low drinking pattern score countries were less likely to report AUDS at low con- Model 1 includes only the individual drinking pattern and volume scores; model 2 includes the individual drinking pattern and volume scores and the country drinking pattern score as an effect on the intercept; model 3 includes the individual drinking pattern and volume scores and the country drinking pattern score as an effect on the intercept and the slope. All models were adjusted for age. * p < 0.05; ** p < 0.01; *** p < 0.001. Relationship of probability of experiencing AUDS and volume of consumption by high, medium and low detrimental drinking pattern score (DPS) countries for women. Models were fitted at the mean age of 42 years and the mean individual DPS. Low, medium and high DPS refer to the 6 countries with the lowest DPS, 6 countries with medium and 6 countries with the highest DPS, based on their DPS country mean.
sumption levels than high drinking pattern score countries; however, at higher volumes, rates of AUDS were similar regardless of country-level drinking pattern score.
Discussion
These results confirm and extend previous research on drinking pattern. First, results based on survey data corresponded quite well with the CRA drinking pattern scores which were used in the GBD study [1] , which was based mostly on reports of key informants. However, as found in previous analyses comparing survey data to original CRA drinking pattern scores [4] , the CRA drinking pattern scores were more strongly related to drinking by men than by women in the country. Correspondingly, rankings varied somewhat by gender, suggesting that men and women do not necessarily have the same predominant drinking patterns within the same country. It is thus important for cross-cultural research to estimate a country's drinking pattern separately for men and women.
The hierarchical linear model results were consistent with the expectation that the higher the amount of alcohol consumed, the higher the risk for negative consequences from drinking, including both injuries/fights and AUDS. The findings also confirm previous research on the impact of RSOD [9] , which found that a detrimental drinking pattern contributes to negative consequences from drinking over and above the effect of volume. Although it might be expected that drinking pattern would be a more important predictor of acute consequences, such as injury/fight rather than AUDS, our analyses suggest that drinking pattern is associated with both types of consequences. One reason for this finding may be that AUDS available for analyses did not necessarily reflect effects of chronic drinking only, but also acute consequences when asked in general population surveys, especially the items of 'drinking to get over the effects of a RSOD session' and experiencing 'guilt and remorse from drinking'.
The results pertaining to country-level drinking patterns are especially important because this is the first study which has simultaneously examined the relationship between drinking pattern and negative consequences from drinking at both the individual and the country level. The analyses indicated that the country's drinking pattern had an additional impact on the general level (represented by the intercepts) of risks for alcohol-related consequences, independent of the individual's alcohol consumption (including both volume and patterns). In other words, respondents reported more alcohol-related consequences from their drinking in countries with a generally more detrimental pattern of drinking. This effect is over and above the relationship between individual drinking pattern and alcohol-related consequences. One interpretation of this finding is that experiencing negative alcohol-related consequences does not only depend on the individual's drinking behavior (volume/pattern), but also on environmental and societal factors, such as how people in the country generally drink, drinking culture and drinking habits which may influence the likelihood of consequences, such as being involved in a fight while drinking [7] .
It should be noted that country differences in reporting drinking consequences may also be influenced by the position of drinking in the culture and the expectations about drunken behaviors [27, 28] . Thus, the higher rate of alcohol-related consequences in countries with a more detrimental drinking pattern may be partly attributable to a greater willingness in these cultures to admit alcohol-related consequences, perhaps because infrequent RSOD is seen as an acceptable time-out behavior leading to excusable consequences [28] compared with self-reports in countries where drinking is frequent and integrated in the culture (e.g. drinking with meals), but where RSOD is often less tolerated.
In addition, some studies have shown that the attribution of alcohol as a cause for consequences varies across countries [29, 30] . Similarly, studies have shown that reporting of AUDS varies independently of volume of drinking [31] . The present study would then suggest that a more detrimental drinking pattern on country level may partly be associated with a higher willingness to report alcohol-related consequences as well as a greater likelihood of linking problems to drinking, independent of whether these consequences are short-term or longterm.
An important finding of the present research was the moderating effect of the country's drinking pattern on the individual's volume of alcohol consumption, especially for women. Specifically, in countries with a more detrimental pattern of drinking, women reported more alcohol-related consequences at a low volume compared to those in countries with a less detrimental pattern. However, for individuals who reported a high volume of drinking, there was little or no effect from the countrylevel drinking pattern. Research has shown that attitudes toward alcohol consumption can have a strong influence on perceived alcohol-related consequences, such as feelings of guilt, especially for women [31] . Therefore, one possible interpretation of this interaction is that even light drinking among women can be perceived as problematic in cultures where drinking is relatively rare and typically consumed in large amounts. This is consistent with previous findings [11] using aggregated data from 15 European countries that found that harm was experienced even at low levels of alcohol consumption in countries with a pattern of RSOD, but only at high levels in countries where alcohol consumption was more integrated into everyday life.
Although this research suggests important impacts of drinking pattern at both the individual and country level, it also has some limitations. When interpreting the findings of cross-country survey research on the alcoholconsequence link using self-reported data, possible confounding effects from different sources should be considered. These include: (1) effects that are due to different norms and interpretations across countries of whether a consequence is alcohol-related or not (e.g. subjective attribution at the individual and societal level), (2) effects due to real differences in alcohol use (e.g. more heavy drinkers across countries resulting in higher prevalence rates of AUDS), and (3) real effects at the societal level (e.g. increased risk of certain alcohol-related consequences such as injuries that are not only due to individual drinking but also related to the drinking of others). Future research is needed that incorporates other measures of alcohol-related consequences such as hospitalization or treatment data to better disentangle these different effects.
Other limitations of the study include differences in the method of data collection among countries, different measures used (e.g. for assessing alcohol consumption and RSOD) and the small sample sizes for some countries. Still, it has been argued that while prevalence estimates might be strongly affected by methodological differences, this is less likely when comparing relationships between drinking and other variables across countries [32] . The present study, despite some methodological shortcomings, showed strong agreement with other research using different methodologies (such as in the CRA exercise [Eur Addict Res Vol. 7, No. 3, 2001] or other data sources such as data from emergency departments [30, 33] ), consistent with the interpretation that the present findings reflect valid relationships between individual and country-level drinking patterns and negative consequences from drinking.
